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I. INTRODUCTION AND SUMMARY 

A prel iminary s tudy has been performed, under t h e  auspices  of t h e  O f f i c e  of 

Space Science and Applicat ions of NASA, of t h e  r e p o r t  e n t i t l e d  " In fec t ious  Disease 

i n  Manned Space f l igh t :  P r o b a b i l i t i e s  and Countermeasures", prepared by t h e  Panel 

on Microbiological  Problems of Manned Space F l i g h t y  John Spizizen,  Chairman, Space 

Science Board, Nat ional  Academy of Sciences - National  Research Council ,  1970. 

Th i s  study b u i l d s  on t h e  experience obtained on t h e  B i o s a t e l l i t e  program t o  p l ace  

bounds on t h e  f e a s i b i l i t y  of t h e  proposed space experimentation. 

The purpose of th is  s tudy  was t o  develop a prel iminary d e f i n i t i o n  of t h e  types 

of r e sea rch  programs needed t o  implement t h e  Space Science Board's recommendations 

w i t h  emphasis on a prel iminary c h a r a c t e r i z a t i o n  of t h e  programs as s u i t e d  t o  

a n a l y s i s  convent ional  ground-based r e sea rch ,  space s imula t ion  s t u d i e s ,  and manned 

o r  unmanned s p a c e f l i g h t  r e s e a r c h  programs. Research o b j e c t i v e s  were assigned t o  

one o r  more of t h e s e  c a t e g o r i e s  on t h e  b a s i s  of t e c h n i c a l  f e a s i b i l i t y  a t  t h e  least  

p ro jec t ed  c o s t .  In keeping w i t h  t h e  concerns r a i s e d  by t h e  Space Science Board, 

p a r t i c u l a r  care was exe rc i sed  i n  a s s i g n i n g  microbiological  o r  immunological 

experiments t o  manned s p a c e c r a f t  t o  preclude s i g n i f i c a n t  chance of hazard t o  t h e  

crew. 

The Board w a s  q u i t e  e x p l i c i t  i n  i t s  cau t ions  concerning t h e  r e s i s t a n c e  of t h e  

crew t o  i n f e c t i o n ,  even by agen t s  no t  normally considered pathogenic. I n  view of 

t h e  system complexity inhe ren t  i n  conf in ing  a i r b o r n e  pathogens w i t h i n  animal 

q u a r t e r s ,  and t h e  p o t e n t i a l  f o r  undetected a c c i d e n t a l  release of t h e  organisms 

i n t o  t h e  s p a c e c r a f t  atmosphere and l i f e  support  system, pathogenic microorganisms 

and l a r g e  populat ions of v i a b l e  non-pathogens should be employed i n  space r e s e a r c h  

only on unmanned s p a c e c r a f t  u n t i l  such t i m e  as any changes i n  c r e w  r e s i s t a n c e  a re  

f i rmly  e s t a b l i s h e d .  Consequently, space experiments employing pathogens have been 

assigned t o  unmanned s p a c e c r a f t  i n  t h i s  s tudy.  
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Many of t h e  research  ob jec t ives  proposed by the  Space Science Board can be 

accomplished i n  ground-based l a b o r a t o r i e s  o r  by a n a l y s i s  a t  r e l a t i v e l y  low c o s t .  

S tud ie s  of t he  response of l o c a l  and s p e c i f i c  immune defenses  of the  hos t  t o  

prolonged s p a c e f l i g h t  environments genera l ly  r equ i r e  the  involvement of man i n  

a c t u a l  s p a c e f l i g h t  due mainly t o  the complexity of measurements and observa t ions  

involved. However, complete s t u d i e s  of phagocytic a c t i o n  and of s p e c i f i c  immune 

response 

has  been 

v i r u l e n t  

The 

r equ i r e  use of v i r u l e n t  microorganisms; t h e r e f o r e  a po r t ion  of t h i s  study 

assigned t o  unmanned systems. Epidemiological s t u d i e s  a l s o  r equ i r e  

organisms and consequently they too  r e q u i r e  unmanned systems 

experimental  animals  employed i n  those s t u d i e s  t o  be performed on manned 

spacec ra f t  may be q u i t e  va r i ed  as  the  r e s u l t  of t he  types of measurements t o  be 

made, but  those experiments ass igned  t o  unmanned missions would probably r equ i r e  

only two spec ie s ,  t he  mouse f o r  epidemiological  and l a t e n t  o r  slow v i r u s  experiments,  

and a somewhat l a r g e r  animal,  such a s  chickens o r  guinea p igs  f o r  s t u d i e s  of immune 

responses.  Consequently, two bas i c  types of experiment hardware could be employed 

f o r  mul t ip le  use f o r  t h e  unmanned programs, both compatible with B iosa t e l l i t e - type  

spacec ra f t  . 
It must be emphasized t h a t  we have no s p a c e f l i g h t  experience with the  small 

animals used f o r  t h i s  type of s tudy,  and w e  can a n t i c i p a t e  a s i g n i f i c a n t  l ea rn ing  

process  before  w e  understand how t o  maintain them i n  s u i t a b l e  condi t ion  f o r  s t u d i e s  

of i n f e c t i o u s  d i s e a s e  processes .  It appears  t h a t  f l i g h t  programs w i l l  be required 

i n  which t h e i r  phys io log ica l  response t o  long term space f l i g h t  i s  examined before  

w e  look f o r  more s u b t l e  changes a s soc ia t ed  wi th  r e s i s t a n c e  t o  in fec t ion .  

Although t h e  magnitude of t he  experimental  programs i s  no t  y e t  e s t a b l i s h e d  with 

any degree of accuracy, t h e  scope of the  Space Science Board recommendations i s  so  

broad as t o  make t h e  need f o r  an  assessment of program p r i o r i t i e s  obvious, both from 

the  s tandpoin t  of need by manned programs and by v i r t u e  of t h e i r  value t o  medical 

p r a c t i c e .  Correspondingly, a d e t a i l e d  a n a l y s i s  of the  experiment requirements i s  

requi red  t o  e s t a b l i s h  r e a l i s t i c  c o s t s  f o r  t h e  var ious  recommended programs 
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11 ANALYSIS OF IMPLEMENTATION METHODS 

I n  e v a l u a t i n g  the  means by which t h e  recommendations of t h e  Space Science 

be  implemented, t he  following ground r u l e s  were app l i ed .  

The l e a s t  c o s t l y  means of s a t i s f y i n g  the  s c i e n t i f i c  needs expressed 

i n  t h e  recommendations was s e l e c t e d  according t o  the  following s c a l e  

from l e a s t  t o  most c o s t l y :  Analysis ,  conventional ground-based 

l abora to ry  i n v e s t i g a t i o n ,  ground-based f l i g h t  s imulat ion i n  a c losed 

environment, space f l i g h t  (manned o r  unmanned). 

The p o t e n t i a l l y  g r e a t e r  f l e x i b i l i t y  and c a p a b i l i t y  of manned s p a c e f l i g h t  

experimentat ion over unmanned s p a c e c r a f t  b i o l o g i c a l  experiments 

mandates the  assignment of b i o l o g i c a l  experiments t o  manned systems 

except  where the  experimental  requirements a r e  incompatible with the 

s p a c e c r a f t  or  i t s  mission from the  s t andpo in t s  of hazard both t o  the  

experiment v a l i d i t y ,  and t o  the  manned s p a c e c r a f t  o r  i t s  crew. 

Viable  pathogens, v i r u l e n t  o r  a t t e n u a t e d ,  are not accep tab le  agen t s  

f o r  use i n  s t u d i e s  on manned s p a c e c r a f t  because of t he  p o t e n t i a l  

hazard t o  the  crew which could a f f e c t  t h e i r  capac i ty  t o  perform i n  

c r i t i c a l  s i t u a t i o n s .  

Experimental animals should be employed f o r  s t u d i e s  of s p e c i f i c  immune 

responses us ing  vaccines p r i o r  t o  s imi la r  experimentation with man. 

Large populat ions of v i a b l e  microorganisms are t o  be avoided on manned 

s p a c e c r a f t  because of the p o t e n t i a l  d i s r u p t i o n  t o  the  normal f l o r a  of 

t he  a s t r o n a u t s  i f  they were a c c i d e n t l y  r e l eased  i n  the spacec ra f t  

environment . 
Table 1 summarizes the means s e l e r t e d  t o  implement t h e  Space Science Board 

recommendations. The i n d i v i d u a l  recommendations f o r  r e sea rch  are  discussed on the 

following pages, numbered i n  the  same manner as i n  the  Space Science Board r e p o r t .  
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TABLE 1. SUMMARY OF METHODS FOR IMPLEMENTING SPACE SCIENCE 
BOARD RECOMMENDATIONS FOR RESEARCH ON INFECTIOUS 
DISEASE I N  SPACE FLIGHT 

'"1 
RE COMMENDATI 0 N 

I .  * 

1 
I . :  

r 7 

J 

I 

3a. V i a b i l i t y  and behavior of 
I n f e c t i o u s  Aerosols* 

e Aerosol s t a b i l i t y  
Aerosol depos i t i on  
Aerosol genera t ion  f r o m  su r faces  
Pene t r a t ion  of a e r o s o l s  i n t o  

lungs. 

3b. Longevity of Microbia l  Aerosols  i n  
We i gh t le s s ne s s 

0 V i a b i l i t y  
Virulence 

3c. Epidemiological S tud ie s  

3d. Response t o  Vaccine 

0 I n a c t i v a t e d  
0 Live 

3e. E f f e c t  of Prolonged Space f l igh t  on 
Local Host Defenses 

* Phagocyt ic  Clearance from Lungs 
A l l  Others  

I ,  

i -1 
I,. 

- 1  

3 f .  E f f e c t  of Prolonged Space f l igh t  on 
S p e c i f i c  Immune Mechanisms 

Process ing  an t igens  by 
macrophages 

0 A l l  Others 

3g. Repopulation of G I  f l o r a  

3h. La ten t  and slow v i r u s  i n f e c t i o n  
i n  s p a c e f l i g h t  

JC V i a b i l i t y  considered i n  (3b.) ** 

rn 
H s 
3 
4 - 

X 

X 

I f  proved f e a s i b l e  - see t e x  
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TABLE 1. (CONTINUED) 

RECOMMENDATION 

3 i .  Host Fac to r s  Af fec t ing  Laten t  
I n  f ec t i o n  

3 j .  Changes i n  Microbial  F lora  

Charac t e r i za t ion  
0 Se lec t ion  of V i r u l e n t  Agents 

3k. E f f e c t s  of I s o l a t i o n  on 
S u s c e p t i b i l i t y  t o  I n f e c t i o n  

X 

X 
X 
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3a. Determination of t h e  v i a b i l i t y  and behavior of r ep resen ta t ive  
i n f e c t i o u s  a e r o s o l s  i n  atmospheres of a l t e r e d  gas content  
and pressure .  These s t u d i e s  should include n o t  only t h e  
atmospheres planned f o r  s p a c e f l i g h t ,  but a l s o  f u r t h e r  
d ig re s s ions  from normal i n  o r d e r  t o  d e t e c t  e f f e c t s  t h a t  a r e  
p o t e n t i a l l y  more s i g n i f i c a n t  and t h a t  would not  be 
apparent  i n  less extreme condi t ions .  

3b. Determination of t h e  longevi ty  of microorganisms i n  var ious  
s i z e s  of ae roso l i zed  p a r t i c l e s  under weight less  condi t ions’  
i n  var ious  atmospheres. I n i t i a l  s t u d i e s  can u t i l i z e  
simulated zero-gravi ty  chambers, e .g. , a revolving t o r u s ;  
d e f i n i t i v e  experiments should be performed in  s p a c e f l i g h t  
under a c t u a l  weight lessness .  

These two recommendations may be considered as  one i n  t h a t  the  same experimental  

s t u d i e s  can a t t a c k  both ques t ions  e f f e c t i v e l y ,  and i n  f a c t ,  information from the  

implementation of one would be d i r e c t l y  app l i cab le  t o  t h e  o ther .  A program devoted 

t o  f u l f i l l i n g  the  recommendations would l o g i c a l l y  address  phys ica l  behavior of 

t h e  ae roso l  on one hand, and v i a b i l i t y  and v i ru l ence  on the  o the r .  

1) Phys ica l  behavior  of t he  ae roso l  

a )  Behavior of p a r t i c l e s  i n  a gaseous suspending medium 

The behavior of v i a b l e  b a c t e r i a l  a e r o s o l s  i n  quiescent  and flowing 

gas has  been s tud ied  experimental ly  and the da t a  have been shown 

t o  agree  q u i t e  w e l l  wi th  theory f o r  p a r t i c l e s  from one t o  30/u 

i n  diameter ,  both f o r  t u rbu len t  and f o r  laminar flow cases .  I t  

appears  t h a t  t he  inf luence  of g r a v i t y  on the  phys ica l  s t a b i l i t y  

of t he  a e r o s o l  i s  r e a d i l y  desc r ibab le  a n a l y t i c a l l y  and should 

no t  of i t s e l f  r equ i r e  space f l i g h t  experimentat ion.  
1 

b) Deposi t ion of p a r t i c l e s  on su r faces  

The na tu re  of the  fo rces  which cause microorganisms t o  be a t t r a c t e d  

t o  and adhere t o  su r faces  has  no t  been descr ibed s a t i s f a c t o r i l y .  
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b) Continued 

The magnitude of the  fo rces  v a r i e s  depending on the magnitude and 

s i g n  of e l e c t r i c a l  charges on t h e  su r faces  r e l a t i v e  t o  those 

c a r r i e d  by microorganisms. 

g r a v i t y  may p lay  a major role i n  depos i t i on  of p a r t i c l e s  from an 

a e r o s o l ,  while  i n  o t h e r  cases  only a minor r o l e .  

Consequently, under c e r t a i n  c i rcumstances,  

Experimental  programs such a s  t h a t  descr ibed by Enlow 2 a r e  

being d i r e c t e d  toward i d e n t i f y i n g  and quan t i fy ing  the  parameters 

which govern a e r o s o l  depos i t i ons .  However, t he  magnitude and 

d i s t r i b u t i o n  of e l e c t r i c a l  charge on a spacec ra f t ,  p a r t i c u l a r l y  

one i n  deep space,  i s  not  w e l l  def ined .  Consequently, space 

f l i g h t  experimentat ion may be requi red  t o  f i n a l l y  a s s e s s  the 

i n t e r a c t i o n  of t he  phys ica l  f o r c e s  involved. For t he  most p a r t ,  

t he  response of t he  microbia l  a e r o s o l  t o  the phys ica l  f a c t o r s  

a f f e c t i n g  depos i t i on  can be e luc ida ted  by ground-based 

experimentat ion.  

c)  Aerosol genera t ion  from su r faces  

The f a c t o r s  a f f e c t i n g  adhesion of b a c t e r i a  t o  su r faces  can be 

addressed i n  the  ground-based l abora to ry  because the  adhesive 

f o r c e s  involved a r e  gene ra l ly  f a r  i n  excess  of g r a v i t a t i o n a l  

fo rces  so t h a t  g r a v i t y  becomes of n e g l i g i b l e  in f luence  

(Enlow ) e 
2 

d). Pene t r a t ion  of a e r o s o l s  i n t o  lungs 

As descr ibed  above, t he  t h e o r e t i c a l  d e s c r i p t i o n  of t he  t r anspor t  

of a e r o s o l  p a r t i c l e s  i n  a gaseous s t ream i s  on f i rm ground. 

Consequently, a n a l y t i c a l  d e f i n i t i o n  of t he  in f luence  of g r a v i t y  

7 



d) Continued 

on depos i t i on  of ae roso l  p a r t i c l e s  i n  the lungs appears  t r a c t a b l e .  

Limited experimentat ion i n  space f l i g h t  should v e r i f y  the  a n a l y s i s  

and could be performed as  a p a r t  of a n  epidemiological  s tudy with 

experimental  animals.  

2) Aerosol v i a b i l i t y ,  longevi ty  and v i ru lence  

Short-term eva lua t ions  of the  v i a b i l i t y  o r  v i ru lence  of aerosol ized  

p a r t i c l e s  and the  dea th  r a t e  of microorganisms contained the re in  may 

be performed i n  ear th-based l a b o r a t a r i e s .  The du ra t ion  o f  such 

experiments are l imi t ed  by the  s i z e  of the  ae roso l  p a r t i c l e  and hence 

i t s  s e t t l i n g  ra te ,  and t h e  s h e  of the  experimental  chamber. One can 

expec t  t o  maintain the  ae roso l  from a few minutes t o  s e v e r a l  days 

depending on the  above-mentioned condi t ions.  

Long-term eva lua t ions  of v i a b i l i t y  and v i ru lence  depend on removing 

g r a v i t a t i o n a l  in f luences .  Because an  a i rbo rne  p a r t i c l e  tends t o  move 

somewhat independently of i t s  con ta ine r ,  g r a v i t a t i o n a l  s e t t l i n g  cannot 

be prevented by devices  such a s  revolving conta iners .  By opposing 

s e t t l i n g  wi th  a cons tan t  flow of a i r  o r  o t h e r  gas,  one might maintain an 

a e r o s o l  f o r  prolonged per iods .  This p o s s i b i l i t y  should be inves t iga t ed  

thoroughly before  embarking on a space f l i g h t  program t o  ob ta in  the  

phys ica l  s t a b i l i t y  requi red  t o  eva lua te  v i a b i l i t y .  

3c. Performance of epidemiological  experiments,  i n  simulated 
and a c t u a l  f l i g h t ,  on the t ransmiss ion  of r e s p i r a t o r y  
agen t s  i n  r e l a t i o n  t o  (i) number of persons o r  animals i n  
the  space chamber, ( i i )  t h e i r  s t a t e  of s u s c e p t i b i l i t y  o r  
r e s i s t a n c e ,  ( i i i )  degree of confinement, i .e . ,  space pe r  
u n i t  animal o r  man, ( i v )  number of microorganisms 
r e l eased  i n t o  the  environment by the in fec t ed  persons,  
(v) type of a e r o s o l  produced, and ( v i )  enhancing e f f e c t  
of sneezing, coughing, t a lk ing .  

8 
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Most of t h e  above l i s t e d  parameters can be s tud ied  i n  ground-based l a b o r a t o r i e s  

and simulated s p a c e c r a f t ,  providing the  e f f e c t  of g r a v i t y ,  i f  any, on the dissemina- 

t i o n  and s t a b i l i t y  of a e r o s o l s  can be accounted f o r  e i t h e r  a n a l y t i c a l l y  o r  

experimental ly .  The in f luence  of popula t ion  dens i ty ,  degree of confinement, 

number of microorganisms r e l eased  i n t o  the  environment by the in fec t ed  persons,  t he  

type of a e r o s o l  produced, and the  enhancing e f f e c t  of sneezing, coughing and t a l k i n g  

can a l l  be e s t a b l i s h e d  i n  properly-designed ground-based experiments with f a i r  

assurance of t r a n s l a t i o n  o f  t he  r e s u l t s  t o  the  space f l i g h t  environment, providing 

a base- l ine  response f o r  one o r  more cond i t ion  i n  the  opera t ing  spacec ra f t  i s  

e s t a b l i s h e d .  

The major parameter t o  be s tud ied  i n  a c t u a l  space f l i g h t  i s  a poss ib l e  unique 

change i n  the  s t a t e  of s u s c e p t i b i l i t y  of man o r  animal a s  a resul t  of phys io logica l  

changes occurr ing  i n  response t o  weight lessness  o r  changes i n  b i o l o g i c a l  rhythms. 

A f l i g h t  program t o  s tudy these  changes involves  a s  a minimum: (1) chal lenging  

experimental  s u b j e c t s  wi th  i n f e c t i o u s  agen t s  under a l imi t ed  number of condi t ions  

and i n v e s t i g a t i n g  t h e i r  s u s c e p t i b i l i t y  t o  i n f e c t i o n  as a func t ion  of space f l i g h t  

du ra t ion ,  (2) eva lua t ing  subsequent t ransmiss ion  of t he  d i sease  t o  o t h e r  experimental  

s u b j e c t s ,  (3)  examination of the  experimental  s u b j e c t s  t o  v e r i f y  involvement of t he  

i n f e c t i o u s  agent  under s tudy ,  and ( 4 )  s u i t a b l e  ground-based c o n t r o l s .  

Epidemiological s t u d i e s  of t h i s  type gene ra l ly  employ l a rge  animal popula t ions  

and r equ i r e  c a r e f u l  s t a t i s t i c a l  design.  To minimize the  number of experimental  

animals used i n  f l i g h t  tests, an abnormally l a rge  ground-based popula t ion  must be 

s t u d i e d  t o  e s t a b l i s h  the  norm a s  f i rmly  a s  p r a c t i c a l l y  poss ib l e ,  and r igorous  

s t a t i s t i c a l  des ign  must be employed. To maximize the  da t a  r e t u r n  p e r  s p a c e c r a f t ,  

t he  mouse appears  t o  be the  l o g i c a l  candidate ,  p a r t l y  because of i t s  small s i z e  and 

p a r t l y  because of t he  ex tens ive  backlog of da t a  on t ransmiss ion  of a i rbo rne  

i n f e c t i o u s  agen t s  using t h i s  animal a s  a model. 
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The need t o  use v i r u l e n t  i n f e c t i o u s  agents  f o r  t he  f l i .ght  experiments tends 

t o  mandate a g a i n s t  use of manned systems and toward an unmanned space labora tory  

such a s  B i o s a t e l l i t e  o r  a recoverable  Bio logica l  Explorer .  By appropr i a t e  

formulat ion of t he  experimental  p ro toco l ,  the  experiment can a l s o  address  the  

ques t ion  of p e n e t r a t i o n  i n t o  the  lungs by a e r o s o l s  d i scussed  above. 

T r a n s l a t i o n  of t h e  da t a  obtained wi th  the mouse model t o  man i n  s i m i l a r  

circumstances probably r e q u i r e s  a d d i t i o n a l  ground-based s t u d i e s  us ing  man a s  the 

experimental  sub jec t .  I n s o f a r  a s  p o s s i b l e ,  s u f f i c i e n t  microbio logica l  cha rac t e r i za -  

t i o n  of manned spacec ra f t  dur ing  missions should be performed t o  enhance the  

re'covery of da t a  r e l a t e d  t o  a c t u a l  t ransmission of i n f e c t i o n  between crew members 

I 

which may occur u n i n t e n t i o n a l l y .  

3d e Determination of t he  course of response i n  chamber t e s t s  
o r  i n  f l i g h t ,  t o  a l i v e  o r  i n a c t i v a t e d  vaccine with which 
the  r e c i p i e n t  has  had no previous exper ience ,  e.g., 
Bruce l la ,  tu la remia  o r  cholera  vaccines ,  o r  l i v e  
adenovirus  type 4 o r a l  vaccines .  

Ground-based chamber tests with l i v e  o r a l  vaccines  may be u s e f u l  t o  eva lua te  

the  e f f e c t s  of changes i n  microbia l  f l o r a  on the  immune response of t he  h o s t ,  

but  t he  e f f e c t  of long-term weight lessness  and changes i n  p e r i o d i c i t y  on the  h o s t s  

c a p a b i l i t y  t o  respond normally t o  a n t i g e n i c  s t imulus  r equ i r e s  space f l i g h t  

experimentat ion,  

S tudies  of the  immunological response of man t o  vaccines  a s  descr ibed above 

should not  be performed i n  prolonged space f l i g h t  u n t i l  a f t e r  animal experimentat ion 

has been performed t o  preclude s i g n i f i c a n t  p o s s i b i l i t y  of severe abnormal response 

t o  vacc ina t ion .  

10 



The experimental  animal chosen f o r  these  s t u d i e s  should be l a r g e  enough t o  

permit  repeated sampling of blood, but  small enough t o  permit reasonably l a rge  

numbers of specimens t o  be included i n  a space f l i g h t  experiment. Of those 

animals t h a t  have been proposed f o r  space f l i g h t  experiment,  the chicken 

(U. of Cal.,  Davis) may be most s u i t e d  because of ex tens ive  da t a  a v a i l a b l e  on t h e  

immune response of t h a t  animal,  f o r  example t o  Newcastle 's  Disease Virus ,  and 

because of a n  apparent ly  v i a b l e  long-term canula t ion  technique which can be used 

f o r  remote blood sampling. 

Many of the  s t u d i e s  can be performed using manned spacec ra f t  provided t h a t  
4 

the an t igens  employed are  i n a c t i v a t e d .  Because the  f i n a l  measure of t he  immune 

response i s  t h e  degree t o  which i t  p r o t e c t s  a g a i n s t  development of c l i n i c a l  

d i sease  symptoms, i t  would seem t o  be necessary t o  perform such s t u d i e s  with 

v i r u l e n t  pathogens. Consequently, the  most e f f e c t i v e  research  program i n  t h i s  

a r ea  would involve experimental  i n v e s t i g a t i o n s  on both manned and unmanned 

spacec ra f t ,  I n  t h e  case  of unmanned spacec ra f t ,  specimen recovery would be requi red .  

3e. Determination of the long-term e f f e c t s  of spacec ra f t  
environmental  f a c t o r s  ( p a r t i c u l a r l y  weight lessness ,  
a l t e r e d  atmospheres, stress, and noxious substances)  
on l o c a l  h o s t  defense mechanisms. P a r t i c u l a r  a t t e n t i o n  
should be given t o  mucoci l iary func t ion ,  phagocytic 
c learance  of organisms from t h e  lungs,  lysozyme content  
of s e c r e t i o n s  and blood, drainage of n a s a l  s inuses ,  
s e c r e t i o n  of immune g lobu l in  A (IGA) i n t o  r e s p i r a t o r y  
and g a s t r o i n t e s t i n a l  t r a c t s ,  and p e r i s t a l s i s .  

Because of t he  complexity of sampling and measurement of most of t he  l o c a l  

h o s t  defense mechanisms, i t  appears  t h a t  these  s t u d i e s  can b e s t  be performed on 

manned spacec ra f t  u s ing  non-viable a n t i g e n i c  m a t e r i a l  and fo re ign  p a r t i c u l a t e  

mat te r  t o  test  the  response of these  mechanisms. The p a r t i c i p a t i o n  of man i n  

the  experiments appears  t o  be v i t a l  t o  t h e i r  f e a s i b i l i t y .  

I 
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The measurement of lysozyme s e c r e t i o n s  could be performed conveniently using 

man a s  the experimental  s u b j e c t ,  b u t  space experiments on most of the o t h e r  

mechanisms would r e q u i r e  experimental  animals. Each of the l o c a l  immune mechanisms 

r e p r e s e n t s  a f i e l d  of s p e c i a l t y  i n  i t s e l f ,  involving many p o t e n t i a l  experimenters 

employing a v a r i e t y  of experimental  animals. 

devised which permit s tudy of these  mechanisms i n  a s  few mammalian spec ie s  a s  

poss ib l e ,  thereby al lowing use of one set  of experimental  animals f o r  study of 

s e v e r a l  of t h e  mechanisms on the  same f l i g h t  mission. 

Experimental programs must be 

A s  t he  combined e f f e c t  of a l l  of t h e  h o s t ' s  defense mechanisms w i l l  be 

evaluated as a p a r t  of epidemiological  s t u d i e s ,  a d e c i s i o n  t o  fol low t h e  above 

experimental  programs with a study of t he  response of  t he  l o c a l  mechanisms t o  

v i a b l e  i n f e c t i o u s  agen t s  can be de fe r r ed  u n t i l  i t  i s  determined i f  t he  epidemiological  

r e s u l t s  can be c o r r e l a t e d  wi th  experimental  r e s u l t s  from the d e t a i l e d  s t u d i e s  of 

h o s t  defenses  using non-viable a n t i g e n i c  and p a r t i c u l a t e  materials. One p o s s i b l e  

except ion t o  t h i s  p c s i t i o n  r e q u i r i n g  f u r t h e r  e v a l u a t i o n  i s  the study of phagocytosis 

where the  v i ru l ence  of the invading organism p lays  a s t r o n g  r o l e  i n  determining the  

e f f e c t i v e n e s s  of t h e  phagocytic a c t i o n .  I n  t h i s  case,  where a d e l i c a t e  balance 

e x i s t s  between the  c a p a b i l i t i e s  of the phagocyte and t h e  invading pathogen, minor 

impairment of t he  h o s t ' s  defenses  by phys io log ica l  derangement may have marked 

consequences on the p rogres s  of i n f e c t i o n .  S tud ie s  t o  eva lua te  t h i s  p o s s i b i l i t y  

would r e q u i r e  unmanned systems due t o  the need f o r  employing v i r u l e n t  agents .  

Studies  of phagocytic c l ea rance  of microorganisms from the  lungs might b e s t  be 

accomplished i n  the same o r  s i m i l a r  spacec ra f t  con f igu ra t ion  used f o r  epidemiological  

s t u d i e s ,  r e q u i r i n g  i n - f l i g h t  exposure t o  the  ae roso l i zed  i n f e c t i o u s  agent  and 

recovery of preserved specimens. 
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3f. I n v e s t i g a t i o n  of the  e f f e c t s  of prolonged s p a c e f l i g h t  on 
s p e c i f i c  immune mechanisms. S tud ie s  should emphasize 
process ing  of an t igens  by macrophages, response of 
lymphocytes t o  invading pathogens, func t ion  of the  
thymus, t ransformat ion  of lymphocytes t o  antibody- 
producing c e l l s ,  and s y n t h e s i s  of immune g lobul in .  

As i n  t he  case of l o c a l  defense mechanisms, most of the  s p e c i f i c  immune 

mechanisms a r e  s u b j e c t  t o  s tudy us ing  non-viable an t igens ,  and t h e r e f o r e  a r e  s u i t e d  

t o  manned s p a c e f l i g h t  exper imenta t ion  f o r  which the  c o l l e c t i o n ,  p re se rva t ion  and 

a n a l y s i s  of blood specimens i s  s impler  and more r e l i a b l e  than on unmanned systems. 

Again the  except ion  l ies i n  the  s tudy of phagocytosis  which r e q u i r e s  v i ab le  

pathogens f o r  r e l i a b l e  c h a r a c t e r i z a t i o n  of the  c a p a b i l i t i e s  of t h a t  mechanism 

as  a func t ion  of f l i g h t  cond i t ions  and du ra t ion .  

The p a r t i c u l a r  requirements of t h e s e  s t u d i e s  inc lude  means f o r  i nocu la t ing  

the  experimental  animals  and f o r  r epea ted ly  withdrawing blood samples f o r  a n a l y s i s  

o r  p re se rva t ion .  Mush of t h i s  burden can be borne by the  crew i n  manned systems 

employing techniques common t o  the  ground-based labora tory .  Unmanned systems w i l l  

r equ i r e  cannula t ion  of experimental  animals o r  p e r i o d i c  s a c r i f i c i n g  and p rese rva t ion  

of groups of small animals  (such as mice). I n  e i t h e r  case ,  recovery of specimens 

w i l l  be requi red  f o r  p o s t - f l i g h t  a n a l y s i s .  

3g * Development of means t o  repopulate  the  gas t r o i n t e  s t i n a  1 
f l o r a  i n  the  event  t h a t  broad-spectrum chemotherapy becomes 
necessary on long-durat ion s p a c e f l i g h t s .  

Upon f i r s t  examination, i t  would appear  t h a t  t h i s  t a s k  could be performed 

e n t i r e l y  i n  ground-based l a b o r a t o r i e s  and simulated space environments. Ce r t a in ly  

the  development of t he  inoculum and methods of a p p l i c a t i o n  can be performed i n  

t h a t  manner. Our i n a b i l i t y  t o  answer the  ques t ion  posed by the  Committee on p. 45 

Can t h e  space environment so e f f e c t  h o s t  immune mechanism a s  t o  permit microbia l  I 1  

agen t s  considered a s  nonpathogenic, o r  normal f l o r a ,  t o  produce i l l n e s s ? "  w i l l  f o rce  

an eva lua t ion  of t he  need t o  test  repopula t ion  techniques on experimental  animals 
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i n  long-term space f l i g h t .  The s e l e c t i o n  of manned o r  unmanned spacec ra f t  w i l l  

depend on our  understanding of t he  na tu re  and behavior  of t he  microbia l  f l o r a  

of c losed systems. 

3h. Examination of t he  e f f e c t s  of the  s p a c e f l i g h t  environment 
on l a t e n t  and slow v i r u s  i n f e c t i o n s  experimental ly  
induced i n  animals.  

I n  keeping with the  need t o  avoid p o t e n t i a l  hazards  t o  the spacec ra f t  and 

crew, the  examination of l a t e n t  and slow v i r u s  i n f e c t i o n s  should be performed on 

unmanned spacec ra f t .  I n  e s t a b l i s h i n g  r a t e s  of i n f e c t i o n  o r  l e t h a l i t y  a s  a func t ion  

of dose,  l a r g e  numbers of experimental  animals a r e  requi red .  This  f a c t o r ,  

t oge the r  with the  many permutat ions and combinations of environments, mandate an 

ex tens ive  ground-based c o n t r o l  program and small experimental  animals.  

Consequently, t he  mouse i s  a pr ime candida te  f o r  f l i g h t  s t u d i e s ,  with a s e l e c t i o n  

of lymphocytic chor iomeningi t i s ,  pneumonia, o r  mammary tumor v i r u s e s  a s  candidate  

i n f e c t i o u s  agents .  Although the  appearance of c l i n i c a l  symptoms may be d e t e c t a b l e  

remotely, recovery of t he  specimen would be requi red  f o r  confirmation of t he  

causa t ive  agent  of d i sease .  

3 i .  I d e n t i f i c a t i o n  of t he  hos t  f a c t o r s  t h a t  keep l a t e n t  
i n f e c t i o n s  dormant and determinat ion of t he  f a c t o r s  t h a t  
may a l t e r  hos t  defenses  and thereby r e s u l t  i n  a c t i v a t i o n  
of a l a t e n t  i n f e c t i o n .  

Except f o r  t he  program recommended i n  (3h) ,  which forms a p a r t  of t h i s  more 

i n c l u s i v e  recommendation, t hese  s t u d i e s  should be performed i n  convent ional  ground- 

based l a b o r a t o r i e s .  

1.4 

i ,  

3 j .  I n v e s t i g a t i o n  of the  changes t h a t  may occur i n  microbia l  
f l o r a ,  p a r t i c u l a r l y  a s  they r e l a t e  t o  s e l e c t i o n  of 
v i r u l e n t  agen t s ,  under cond i t ions  of long-term space- 
f l i g h t ,  u t i l i z i n g  experimental  animals.  

Each manned s p a c e f l i g h t  and each recoverable  unmanned s p a c e c r a f t  ca r ry ing  

experimental  animals o f f e r s  an oppor tuni ty  t o  ga ther  va luable  da t a  on the  na tu re  

o f  the changes i n  mic rob ia l  f l o r a  a s soc ia t ed  with the  spacec ra f t  environment. 

14 
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Var ia t ions  i n  the  environment, on t h e  o t h e r  hand, a r e  more s u s c e p t i b l e  t o  s tudy i n  

ground-based closed environment chambers, employing e i t h e r  man o r  animals f o r  t he  

s t u d i e s ,  where varying the  environment t o  extremes does no t  p l ace  a mission i n  

jeopardy. 

Because d i r e c t  response of t he  microbia l  f l o r a  t o  weight lessness  appears  

un l ike ly  (p. 61) except  through p o s s i b l e  changes i n  the  d i s t r i b u t i o n  of a e r o s o l s ,  

i t  should be p o s s i b l e  t o  determine the  tendency toward s e l e c t i o n  of v i r u l e n t  

agents  i n  ground-based experiments.  The inf luence  of t he  stresses of a c t u a l  

s p a c e f l i g h t  on the  modi f ica t ion  *of the  microbia l  f l o r a  of t he  has t should be 

eva lua ted  by comparison wi th  ground c o n t r o l  da t a  t o  determine the  need f o r  

s p a c e f l i g h t  experimentat ion with experimental  animals t o  eva lua te  s e l e c t i o n  of 

v i r u l e n t  s t r a i n s .  

Sh ige l l a  c a r r i e r  s t a t e s  o r  pathogenic fungi ,  and would employ recoverable  unmanned 

spacec ra f t .  

Model systems f o r  such s tudy might inc lude  Salmonella o r  

3k. S tudies ,  both animal and human, of the  e f f e c t s  of 
i s o l a t i o n  on s u s c e p t i b i l i t y  t o  i n f e c t i o n ,  p a r t i c u l a r l y  
a s  r e l a t e d  t o  the  r e -en t ry  problem and microbia l  shock. 

These s t u d i e s  should be performed i n  ground-based closed environment systems 

and would assume t h a t  t he  hos t  defense mechanisms a r e  not  s i g n i f i c a n t l y  changed 

as the  r e s u l t  of weight lessness  o r  changed p e r i o d i c a l l y  dur ing  prolonged s p a c e f l i g h t .  

I f  i t  becomes d e s i r a b l e  t o  expand the  o b j e c t i v e s  of t h i s  recommendation beyond 

t h a t  of t he  e f f e c t  of i s o l a t i o n  a lone ,  animals from o t h e r  experimental  f l i g h t  

programs, both manned and unmanned, could be used t o  eva lua te  the l i ke l ihood  of 

"microbial  shock" upon r e -en t ry  i n t o  the  e a r t h  environment. 

15 



I 
a 

- ’1 
i 
I 

I 

! 
. i  

t 
i 

i 
i 

_ *  

. .  
i 
~ 

... .. 

111. CONCLUSIONS 

The recommendations of t he  Space Science Board f o r  r e sea rch  s t u d i e s  of 

i n f e c t i o u s  d i sease  c a l l  f o r  an  ex tens ive  and mul t i - face ted  program f o r  t he  purpose 

of i n su r ing  the  s a f e t y  of space t r a v e l e r s  which s imultaneously addresses  many of 

the  problems which f a c e  the  earth-bound medical community. 

The spacec ra f t  environment provides  a unique mechanism t o  s tudy the  response 

of t he  animal organism t o  i n f e c t i o u s  agen t s  under cond i t ions  of unusual and s u b t l e  

phys io log ica l  stress app l i ed  cont inuously and i n  a con t ro l l ed  manner, complementing 

the  procedures employed i n  convent ional  l a b o r a t o r i e s .  

The implementation of those recommendations w i l l  r equ i r e  cons iderable  

resourcefu lness  t o  maximize the  s c i e n t i f i c  r e t u r n  while  keeping c o s t  w i th in  reason. 

Without more d e f i n i t i v e  d e s c r i p t i o n s  of t he  i n d i v i d u a l  experimental  programs, 

p a r t i c u l a r l y  the  number of f l i g h t  experiments requi red ,  i t  i s  d i f f i c u l t  t o  e s t ima te  

the  c o s t  of such a program. The unabridged program would involve a t  l e a s t  10 long 

du ra t ion  f l i g h t s ,  manned and unmanned, € o r  which t h e  experiment-related c o s t s  could 

be expected t o  exceed $200 m i l l i o n  d o l l a r s .  It becomes apparent ,  t h e r e f o r e  t h a t  

p r i o r i t i e s  must be e s t a b l i s h e d  and r i s k  dec i s ions  must be made t o  enable  

concen t r a t ion  on the  key problem areas. 

An examination of t he  methods of implementation discussed i n  the  previous 

s e c t i o n  shows t h a t  much of t he  recomended program can be performed a t  r e l a t i v e l y  

low c o s t  i n  ground based l a b o r a t o r i e s .  The type of experimentat ion and the  

experimental  animals employed i n  the  programs assigned t o  manned spacec ra f t  a r e  

q u i t e  va r i ed  and ccnnplex, and gene ra l ly  r e q u i r e  crew p a r t i c i p a t i o n  a t  a high l e v e l  

of t e c h n i c a l  p ro f i c i ency ,  On the  o t h e r  hand, the  experimental  programs assigned t o  

unmanned spacec ra f t  f a l l  e s s e n t i a l l y  i n t o  two groups, one involv ing  mice a s  the  

experimental  animal,  r e q u i r i n g  l a r g e  numbers f o r  s t a t i s t i c a l  v a l i d i t y ,  and the 

o t h e r  r e q u i r i n g  l a r g e r  animals ,  perhaps four  t o  s i x  i n  number, involv ing  samples 
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of blood and perhaps f eces  or u r i n e  f o r  a n a l y s i s  o r  preserva t ion .  

specimens f o r  p o s t - f l i g h t  a n a l y s i s  and s tudy i s  e s s e n t i a l  t o  each type of payload. 

I V .  RECOMMENDATIONS 

Recovery of 

The fol lowing recommendations a r e  made wi th  the  purpose of e s t a b l i s h i n g  the  

s t e p s  requi red  t o  de f ine  an  acceptab le  program f o r  t he  s tudy  of i n f e c t i o u s  d i s e a s e s  

i n  s p a c e f l i g h t .  

1. Define p r i o r i t i e s  f o r  t he  r e sea rch  programs recommended by the  Space 

Science Board, a s s e s s i n g  the  r e l a t i v e  c r i t i c a l i t y  of each,  t he  r i s k  

involved i f  answers t o  the  ques t ions  posed a r e  n o t  obtained p r i o r  t o  

long du ra t ion  space f l i g h t ,  t he  p o t e n t i a l  b e n e f i t  t o  c l i n i c a l  medicine, 

and the  o rde r  i n  which r e sea rch  programs should be undertaken. 

2. Perform a comprehensive a n a l y s i s  of the  f l i g h t  experimental  programs 

requi red  t o  f u l f i l l  t he  recommendations of the Space Science Board, 

i nc lud ing  a t  least the  following. 

a )  Review the  experimental  methods employed i n  convent ional  l a b o r a t o r i e s  

f o r  r e sea rch  i n  i n f e c t i o u s  d i sease  processes  app l i cab le  t o  the  

problems t o  be s tud ied  i n  space f l i g h t  experiments t o  de f ine :  

1) Those techniques a p p l i c a b l e  t o  manned and unmanned space- 

f l i g h t  experimental  programs. 

2) Species  of experimental  animals t o  be employed. 

3) S t a t i s t i c a l  r a t i o n a l e  f o r  t he  des ign  of s p a c e f l i g h t  

experiments,  i nc lud ing  a d e f i n i t i o n  of numbers of animals 

requi red  per  f l i g h t ,  number of f l i g h t s  and ground-based 

c o n t r o l s  requi red .  

4 )  I n v e s t i g a t o r s  a c t i v e l y  performing research  i n  the  s p e c i f i c  

a r e a s  of i n t e r e s t .  
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b) Define b i o l o g i c a l  payloads and a s soc ia t ed  support  hardware and 

ins t rumenta t ion  requi red  t o  perform the  experiments def ined i n  

(2a) on manned o r  unmanned spacec ra f t  a s  appropr i a t e .  

Define t h e  requirements and des ign  concepts  f o r  experiment modules 

f o r  t he  experiments def ined i n  (2a) f o r  use on manned or unmanned 

s p a c e c r a f t  as appropr i a t e ,  which w i l l  provide the  most p r a c t i c a l ,  

c o s t  e f f e c t i v e ,  and s c i e n t i f i c a l l y  product ive means of implementing 

the  space f l i g h t  experiments.  

c )  

d) Estimate the  t o t a l  c o s t  of implementing each experimental  program, 

inc lud ing  the  a s soc ia t ed  experiment development a c t i v i t y  , t o  

enable  comparison with the  b e n e f i t  and r i s k  assessments c a l l e d  

f o r  i n  (1).  

. .  
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